The article presents the analysis of water level fluctuations in Lake Powidzkie in the years 1961-2015. The study shows a considerable decrease in mean water levels in the aforementioned multiannual period, averaging 9 cmꞏdecade -1 . Such a situation is caused by natural as well as anthropogenic factors, co-determining water relations in the study area. The natural factors include the amount and distribution of precipitation, increase in air temperature and evaporation size, unfavourable relations between the lake and catchment or hydrogeological conditions. Anthropogenic factors particularly include long-term transformations of the natural environment in the region, currently associated with meliorations accompanying the nearby opencast brown coal mines and exploitation of groundwaters for municipal purposes. Water shortages occurring during dry periods were shown not to be compensated in the study area in humid years. This is particularly related to the regional lowering of the aquifer remaining in close relations with Lake Powidzkie. Counteracting the unfavourable hydrological situation is done through hydrotechnical infrastructure which partially limits water outflow from the lake through damming.
INTRODUCTION
Water level fluctuations in lakes and rivers result from processes related to water circulation. The variability of water levels is of various character, referring to the scale of the fluctuations and their time of occurrence [MINEA et al. 2016; WRZESIŃSKI, PTAK 2016; . Situations with recorded specified tendencies or their lack are determined by overlapping natural and anthropological factors [PTAK et al. 2013] . The determination of which of the groups of factors plays the dominant role in changes in the water balance, and consequently in water level fluctuations, is difficult, or sometimes even impossible [CHOIŃSKI et al. 2016; JAŃCZAK, CHOIŃSKI 1988] . In Poland, in terms of the conditions of water circulation, central Poland is a specific region. It shows the lowest precipitation averaging below 550 mm•year -1 [WOŚ 2010] , and relatively high air temperatures, resulting in high losses related to evaporation. The hydrological-climatic specificity of the area is further exacerbated by intensive transformations of the environment resulting from human activity, lasting for at least several centuries. The first phase of the activities was related to large-scale melioration works in the 18 th and 19 th century [KANIECKI 1997; 2007] , continued until the middle of the previous century. The recent decades brought transformations of water relations related to the extraction of brown coal. The aforementioned factors affected the water relations of the study area negatively -as reflected among others in a decrease in lake water levels. The objective of the paper is the determination of the causes of a decrease in the water level in Lake Powidzkie. The objective was implemented based on an interdiscipli-nary analysis referring both to the environmental (natural) factors, and those related to human activity.
STUDY AREA
In terms of the regional division into physical-geographic units by KONDRACKI [2009] , the study area is located within the Gnieźnieńskie Lakeland, and partially on the Wrzesińska Plain in central Poland (Fig. 1) . The lake itself, with a surface area of 1078 ha, is the largest lake in Wielkopolska and one of the deepest in the country -47 m (own research). In hydrographic terms, the entire study area belongs to the catchment of the Warta River, and specifically its right tributary Meszna, taking its origin on the southern edge of the discussed lake. The boundaries of the catchment of Lake Powidzkie are determined by the terminal moraine hills dominating in the landscape, and positive landforms of fluvioglacial accumulation related to the Poznań phase of the last glaciation, constituting a 3 rd order watershed between the catchments of the Meszna Riverdischarging its waters southwards, the Noteć Zachodnia River and the Ostrowo-Gopło Channel, constituting tributaries of the Noteć River and flowing northwards, and the Struga Biskupia River, draining areas east of the lake and feeding the Ślesiński Channel. The lake is fed by several small streams of periodical character with mean discharge not exceeding several tens of dm 3 per second [NOWAK 2018; NOWAK, MIELCAREK 2016] . As pointed out earlier, the area stands out on the background of the climatic conditions of Poland due to low precipitation and high poten- Fig. 1 . Location of Lake Powidzkie; source: NOWAK [2018] , modified tial evaporation, in recent years exceeding 800 mmꞏyear -1 . The lake catchment is of agricultural-forest character, whereas considerable growth of land for holiday building development in the area over the last 20 years should be emphasised. Opencast lignite mines are located at a distance of approximately a dozen kilometres east of the lake, causing the depression cone covering the eastern parts of the lake's catchment.
MATERIALS AND METHODS
The determination of the environmental parameters of the analysed area was based on data concerning among others meteorological and hydrogeological elements. The largest amount of information was obtained from the Institute of Meteorology and Water Management -National Research Institute (Instytut Meteorologii i Gospodarki Wodnej -Państwowy Instytut Badawczy -IMGW). The data covered: water gauge readings from lakes and rivers located in the area of the Gnieźnieńskie Lakeland, and meteorological data from the nearest synoptic, climatological, and precipitation stations. Information on the climate and hydrology of the analysed area was supplemented with data from the measurement-observation network of Brown Coal Mine Konin, measurements from the Military Airport Meteorological Station in Powidz, and climatological station Giewartów-Holendry, belonging to the monitoring networks of the Institute of Soil Science and Plant Cultivation -National Research Institute (Insytut Upraw i Nawożenia Gleb -Państwowy Instytut Badawczy -IUNG). The information covered observation series reaching back for up to several decades.
Information on groundwater level fluctuations was particularly obtained from the monitoring network of the Polish Geological Institute -National Research Institute (Polski Instytut Geologiczny -Państwowy Instytut Badawczy -PIG), Brown Coal Mine Konin (Kopalnia Węgla Brunatnego Konin -KWB Konin), and from the State Forests (Lasy Państwowe -LP). The description of groundwater levels also applied measurements performed on piezometers located at communal waste dumps and wastewater treatment plants, as well as at gas stations located in the study area. The local commune offices and entities administering communal groundwater intakes provided information on monthly water intake and on measurements of groundwater levels taken at rest for the exploited wells. Additional information on groundwater levels was obtained from the monitoring network covering piezometers and limnometric wells established in the scope of a research grant of National Science Centre (Narodowe Centrum Nauki) Poland. Moreover, observations of surface water and groundwater levels were conducted in selected mining wells and special control sites.
The geological characteristics were determined based on data from geological corings obtained from the Central Bank of Hydrogeological Data -HYDRO and from the Department Archives of Brown Coal Mine Konin.
Climatic water balance (CBW), calculated as the difference between precipitation (P) and evaporation (E), for the purposes of this paper was performed in a monthly cycle for the years 1961-2015, expressed in units of height of water column (mm) per mean surface area of the lake in a given month. Precipitation values were adopted based on meteorological data obtained from precipitation stations of IMGW located in the study area, whereas the calculations considered adjusted values. The approach seems to be justified, because each measurement instrument involves a measurement error determined by many factors, specified in detail by BYCZKOWSKI [1999] . They are among others: water losses to wetting the container and the internal part of the rain gauge receiver; precipitation water losses to evaporation; missing the rain gauge by part of rain drops or snowflakes resulting from wind field disturbance caused by the rain gauge (so-called Jevons's effect); blowing out or in of snow to the rain gauge cylinder, or splashing of raindrops on the rain gauge ring. The application of relevant formulas permits minimising the errors and making the measured values approximate to the actual ones. The problem has been discussed by many authors [KĘDZIORA 2008a, b; MIKULSKI 2000] . For Polish conditions, it was presented the most comprehensibly in studies by employees of the Hydrological Station in Radzyń who repeatedly compared different methods of adjustment of precipitation measured at a height of 1 m in a Hellmann's rain gauge, constituting the basic tool of measurement of precipitation amount in the observation network of IMGW and many other institutions. Their papers [RÖSLER, CHMAL 2010; RÖSLER et al. 2007 ] allow for tracing the amount of adjustment applied by other authors [CHOMICZ 1976; KĘDZIORA 2008a; KOWALCZYK, UJDA 1987; MOLGA 1951] for different years and for different areas of Poland. The values vary from 18 to 55% in the winter half-year, and from 8 to 22% in the summer half-year. They are evidently very variable. Considering the relative proximity of the location of the study area to the location of the Hydrological Station in Radzyń, results of works conducted there were employed. The following corrections were applied in calculations of adjusted precipitation: 20% for winter months (Dec-Feb), 15% for spring (Mar-May) and autumn months, and 10% for summer months (Jun-Aug). The distribution of precipitation within the lake was calculated for fields with sides 100×100 m, interpolating the adjusted results from precipitation stations located nearest to the lake.
Based on data obtained from climatological stations located nearest to the study area, values of evaporation from the water surface were calculated by means of the Iwanow [KĘDZIORA 2008b] and JAWORSKI formulas [2004] for the winter half-year. The formulas are as follows:
Where: E = monthly evaporation (mm), t = mean monthly air temperature in a meteorological cage at a height of 2 m above ground surface (°C), h = mean monthly relative air humidity (%);
Where: E 0 = daily evaporation (mm), u 2 = mean daily wind speed at a height of 2 m above ground surface (m•s -1 ), e 0j = mean monthly value of pressure of saturated water vapour at lake water surface temperature (hPa), e = mean monthly value of water vapour pressure in air in a meteorological cage at a height of 2 m above ground surface (hPa).
Based on studies by KĘDZIORA [2008a, b; RÖSLER et al. [2013] , the Iwanow formula was selected for periods with ice cover, and the Jaworski formula for winter months with no occurrence of ice on lakes. The adopted rules required the determination of the duration of ice cover for the studied lake. It was done based on the daily log of water gauge observations run for Lake Powidzkie, and field surveys. Calculations for the summer half-year also employed the Jaworski formula and data on actual evaporation, measured on evapometric rafts in Radzyń on the Lake Sławskie and in Buntowo on the Lake Sławianows-kie, belonging to the measurement network of IMGW. The measured values for the selected sites were interpolated for the area of Poland and transposed to Lake Powidzkie. For the years in which constant measurements on evaporimetric rafts were not performed, i.e. until 1976, the Jaworski formula was used. According to research conducted at the IMGW, it showed the lowest error in comparison to actual measurements [RÖSLER et al. 2013] . In the case of calculations performed by means of Jaworski's [JAWORSKI 2004 ] and Iwanow's method [KĘDZIORA 2008b] , meteorological data obtained from the nearest climatological and synoptic stations of IMGW in Koło, Słupca, and Gniezno were applied.
RESULTS AND DISCUSSION

CLIMATIC CONDITIONS
Precipitation and air temperature, relative air temperature, relative air humidity, and wind, determining the amount of evaporation, are of key importance for the scale and value of water level fluctuations in lakes.
Mean precipitation total in the analysed multiannual period amounted to 538 mm, showing a minimum decreasing tendency (Fig. 2) . In particular years, the values were very variable, as expressed in the alternating sequences of dry, wet, and normal years. According to the division by KACZOROWSKA [1962] , analysing the hydrological situation based on the frequency of occurrence of wet and dry years in comparison to the normal year, dry years in the analysed area occurred nine times (75-89% norm), and very dry five times (50-74% norm). Wet years occurred nine times (111-124%) and very wet five times (>125%). Maximum deviations of annual precipitation values in a wet year in comparison to a normal year from the multiannual period amount to 140-160%, and in a dry year to 50-60%. In the case of precipitation, three evident dry periods are observed (1982-1984, 1989-1992 and 2003-2005 
Mean air temperature on the nearest gauging station in Słupca (located at a distance of approximately 5 km from the analysed lake) in the years 1961-2015 amounted to 8.3°C. In the period, it was characterised by a considerable increasing tendency averaging 0.3°Cꞏdecade -1 (Fig. 3 ). In the case of relative air temperature, an unfavourable tendency is observed for the area, reflected in a decrease in the value of the parameter throughout the analysed period [KĘDZIORA 2008b; NOWAK 2018 ]. An evident increase in air temperature and decrease in relative air humidity contributed to intensified evaporation. The graph presenting changes in the value of potential evaporation in the area of the Lake Powidzkie (Fig. 4) shows the occurrence of alternating periods with decreased and increased evaporation over the last 55 years, whereas in the 1960's and 1970's, the parameter was at a level of 600 mmꞏyear -1 , as also confirmed by available research [JURAK 1986; NOWAK 2018] . The values began increasing after 1990, and particularly over the last 10 years, as also confirmed by research by KĘDZIORA [2008b] . In 2015, the record value of evaporation substantially exceeded 800 mmꞏyear -1 . Tendencies of changes in precipitation and evaporation from water surface, i.e. factors determining the hydrological situation in the discussed area to the greatest extent, are presented below (Fig. 5) . The climatic water balance (comparison of precipitation and evaporation) determines potential water alimentation or loss. The effect of the factor on the resources of the Lake Powidzkie can be traced on the graph presenting the resultant of annual precipitation and evaporation with changes in the lake's retention, identified as differences in states from the beginning and end of subsequent hydrological years. Periods with negative values of climatic water balance largely overlap with considerable loss of water in the lake. Years with a positive balance index correspond with an increase in water level. Very strong effect of the factor on the lake is evidenced by a high coefficient of correlation between both compared parameters, amounting to 0.78. Strong deviations from the rule only occur in the case of individual years. This should be associated with among others the effect of the dam and development of a depression cone related to the nearby opencast brown coal mines.
CATCHMENT CONDITIONS
In addition to climatic factors, water level in lakes is determined by conditions occurring in their catchments. As mentioned above, Lake Powidzkie has a small catchment. Due to this, the possibilities of its alimentation with surface and infiltration waters are very limited, and particularly depend on the amount of precipitation in the immediate vicinity. For comparison, an example of a lake in the region (with approximate climatic conditions) but with different catchment parameters is the Lake Gopło (Fig. 1) . It is fed by many tributaries, the largest one being the Noteć River (draining an area of several hundred per square kilometer). The river discharges an average of 1.45 m 3 ꞏs -1 to Lake Powidzkie Lake Ostrowite-Jarockie the Lake Gopło (SSQ 1981 (SSQ -2010 -data of IMGW). This allows for supplementing losses resulting from the prevalence of evaporation over precipitation. Due to the small volume of the lake, the Lake Gopło can return to its normal state after periods with no precipitation within several months. Such a situation occurred among others in 2011 [NOWAK 2012; 2016] , when winter precipitation and sudden thaw caused flooding of municipalities located nearby the lake. The Lake Powidzkie and its catchment are located in the spring area at the watershed of the Noteć and Meszna rivers and the Ślesiński Channel (Fig. 1) . Because the area is elevated in comparison to the adjacent areas, water is not accumulated here. It flows rapidly towards rivers draining the area. In addition to the catchment of Lake Powidzkie, the area closely adjacent to it plays an important role in shaping the water balance. The discussed lake is surrounded by a wide belt of land elevated up to 1 m above the water surface, particularly in the western and northern part. It occupies an area of approximately 1.5 km 2 , i.e. more than 10% of the lake's surface. In the past (in the period of higher water level), the land constituted integral parts of a single water body, where intensive processes of deposition of limnic sediments occurred. The plains are particularly composed of organic sediments, and are overgrown by alder forests preferring wet habitats, rushes, or occupied by meadows. Groundwaters accumulated in the troughs remain in close hydraulic connection with the lake's waters. As a result of capillary rise, they are prone to very high evaporation, particularly on hot days with no precipitation. Due to water-thirsty plant assemblages overgrowing the areas, they are characterised by very high evapotranspiration in the vegetative period [NOWAK 2018] . The losses are supplemented with waters from the lake, resulting in further impoverishment of its resources. The processes intensified after 1990, when near-shore shallow areas were overgrown by rushes, and current rushes were replaced by trees and bushes . In addition to the use of water for building their tissues, the same plants also indirectly contribute to the loss of water from the lake. Shoots of reeds and other emergent macrophytes located in the lake constitute an additional surface of evaporation for water which in conditions of strong wave action can stay on shoots even one metre above the water surface in the lake, considerably increasing the evaporation surface. Owing to surfaces obtained this way, effective evaporation from the lake overgrown by rushes is even 50% higher [NOWAK 2010 ] than evaporation from free water surface. In the case of lakes with non-overgrown shores, the factor does not play a substantial role, but in the case of the Lake Powidzkie, where rushes constitute a dozen percent of the entire surface area of the lake, it is of high importance, and contributes to the annual evaporation of several hundred thousand cubic meters of water more than on an analogical surface not overgrown with vegetation.
Groundwaters play an important role in the determination of the water level in the Lake Powidzkie. Due to their depth and lithology of the surrounding area, the water body dissects several aquifers (Fig. 6) .
The relations between the lake and groundwater play an important role in the scope of alimentation and drainage of the lake [NOWAK 2018] . The aquifer locally fed by infiltration of precipitation, and the lower inter-loam aquifer, called the Wielkopolska Buried Valley, with the alimentation zone located within the Gniezno Plateau west of the Lake Powidzkie, are of the greatest importance. In years with normal precipitation, groundwater alimentation plays an important role. In dry years, however, groundwaters of shallow aquifers constitute a low percentage of the entire alimentation due to very small direct catchments of the lakes, and land relief evidently affecting the direction of flow of groundwaters. The area is also characterised by a high contribution of uncovered arable land, exposed to direct effect of wind and solar radiation. Due to this, the land loses high amounts of accumulated water as a result of land evaporation and transpiration of cultivated plants. Groundwaters are moreover strongly exploited for irrigation purposes (I aquifer) and as drinking water (II aquifer). This additionally contributes to a reduction of their resources and therefore a decrease in their piezometric pressure and water level. The decreasing tendency of groundwater level in periods with no precipitation has a broader range, and is recorded throughout the region [NOWAK 2018; NOWAK, PRZYBYŁEK 2008; PRZYBYŁEK, NOWAK 2011] . The waters, however, are recreated relatively fast, and already after several wet years they are characterised by a state approximate to the original one (Fig. 7) . A different situation occurs in the case of waters of deeper aquifers (Fig. 7) , including the so-called Wielkopolska Buried Valley, constituting a regional hydrogeological structure [DĄBROWSKI 1990; PRZYBYŁEK, NOWAK 2011] remaining in close hydraulic connectivity with Lake Powidzkie [NOWAK 2018] . Waters of the aquifer are accumulated in sandy-gravel formations, usually deposited under a several tens of metres thick layer of Middle-Poland loams, effectively blocking infiltration of precipitation waters. The reconstruction of the aquifer is a process requiring many years, especially that on the eastern side of Lake Powidzkie it is connected into a single aquifer with the Miocene aquifer drained by the mine (Fig. 6) . It should be emphasised that a decrease in the water level in the Wielkopolska Buried Valley is not only related to the drainage of opencast mines, but to many other overlapping factors, and the phenomenon itself has been observed throughout Wielkopolska already since the 1970's. It was the most intensive in the early 1990's [NOWAK 2018; PRZYBYŁEK and NOWAK 2011] , an exceptionally dry decade with the highest water loss in Lake Powidzkie.
ANTHROPOGENIC INFLUENCES
The fluctuations are a result of melioration and regulation measures performed since the 18 th century, leading to drying of natural places of water accumulation, systematic deforestation, and modern interference manifested in opencast exploitation of brown coal and excessive intake of groundwaters [ILNICKI 1996; ILNICKI, ORŁOWSKI 2006; KANIECKI 1991; MARSZELEWSKI, RADOMSKI 2008; NOWAK 2018; NOWAK, GEZELLA-NOWAK 2012; ORŁO-WSKI, ILNICKI 2007; PRZYBYŁEK, NOWAK 2011; ROT-NICKA 1991] . The effect of opencast mines is the strongest in lakes located North-East of Lake Powidzkie in the catchment of the Ostrowo-Gopło Channel [NOWAK 2018 ], covered by the depression cone of the currently exploited opencast mine Jóźwin IIB. The range of effect of the depression cone also covers the north-eastern parts of the catchment of Lake Powidzkie (Fig. 8) . Due to this, it is devoid of alimentation from that area. This is suggested by among others NOWAK and MIELCAREK [2016] , analysing flows in streams feeding Lake Powidzkie. As a result of stream capture of the underground catchment, due to the launch of opencast mines "Kazimierz" and "Jóźwin", the streams feeding lakes on the eastern side were devoid of their spring area. Together with the reduction of surface alimentation, and consequently the development of a depression cone around the opencast mines, the surface area from which Lake Powidzkie had been fed by infiltration waters also decreased. Water that previously flew towards lakes located in the Powidz-Ostrowo glacial channel is currently captured by the opencast mines, and then transported through the drainage network of the mines towards Struga Biskupia and Kleczewska, discharging their waters to the Ślesiński Channel. This suggests that water that had been so far retained in the lakes of the Powidz-Ostrowo glacial channel now flows towards the Warta River. In the case of Lake Powidzkie, depending on the precipitation amount and vegetative season, the area reaches from several to approximately a dozen % of total area of its catchment. It should be emphasised that the effect of opencast mines and the related mining drainage on Lake Powidzkie and other water bodies of the Powidz-Ostrowo glacial channel has been observed for at least 60 years, since the launch of opencast mine Pątnów and Kazimierz Południe. Initially, it was of no substantial importance for the lakes. However, with the front of the mines shifting towards north-west (Fig. 1) , it was more and more evident. The current depression cone related to the youngest opencast mines Jóźwin IIB and Kazimierz Północ is therefore a result of mining pressure occurring in the area already since the 1960's. Unambiguous information isn't available on the range of the depression cone surrounding opencast mines of Brown Coal Mine Konin in particular decades of the 20 th century. Tracing fluctuations of Lake Powidzkie and dates of launch of particular opencast mines, however, suggests that the recorded decreases in water level in the lake largely correspond with the beginning of coal exploitation in particular pits (Fig. 5) .
Another manifestation of human activity is related to intakes of groundwaters used for municipal, agricultural, and economic purposes. The majority of them in the vicinity of Lake Powidzkie are located within the level of Wielkopolska Buried Valley and Miocene aquifer, i.e. aquifers in normal conditions feeding Lake Powidzkie. Part of the waters is lost as a result of the utility processes, and the remaining wastewater is transported to wastewater treatment plants. Treated sewage in both communes, however, are discharged outside the lake's catchment -in the case of Powidz to Struga Bawół River, and in the case of Ostrowite to Struga Kleczewska River and Struga Biskupia River (Fig. 8) . In combination with losses related to irrigation and municipal use of water, this leads to complete loss of resources exploited from intakes supplying water to communes located in the catchment of Lake Powidzkie. The description of groundwater intakes and water supply to the population in the area of Lake Powidzkie should emphasise that over the last twenty years, the number of recipients of the water supply network of both communes considerably increased. This is related to the developing complexes of summer houses in the region attractive in tourist terms, and the number of tourists around the lake increasing from year to year. This leads to an even 4-fold increase in water use in tourist municipalities located on Lake Powidzkie in summer, resulting in an increase in the depression cones related to groundwater intakes, and a considerable decrease in the inflow of groundwaters to the lake [NOWAK 2018] .
The weir built on the outflow from Lake Powidzkie was aimed at counteracting the situation. It was constructed in the 1960's, and thoroughly rebuilt in 2010. It is then that its effect on the course of water levels was evidently observed (Fig. 5) , magnified by exceptionally high precipitation in the area. Inhibiting outflow caused an extraordinary increase in water level in the lake at the time, and prolonged the period of occurrence of high water levels for further several years.
WATER LEVEL CHANGES
Figure 2 presents fluctuations of mean monthly water levels in Lake Powidzkie in the years 1961-2015. The graph shows subsequent periods of occurrence of high and low water levels, overlapping with seasonal fluctuations. In the analysed multiannual period, the highest water levels were recorded in 1968, 1962, and 1981, and the lowest in 1992, 1993, and 2006 (Fig. 9) . The multiannual amplitude of water level fluctuations in the lake amounted to 1.2 m. Considering the obvious response of the discussed lake to natural climatic fluctuations, a broader image of water level fluctuations referring to their directions looks unfavourable. A trend of decreasing water levels in the lake is evi- source: based on the NOWAK and PTAK [2018] , modified dent, amounting to 9 cm•decade -1 . The highest water level observed in the lake occurred in the 1960's, and decreased with every decade until the first decade of the 21 st century (Fig. 9) . Only after 2010 the process was temporarily inhibited as a result of both natural factors (high precipitation) and human activity (hydrotechnical infrastructure on the outflow from the lake) [NOWAK, PTAK 2018] . Studies concerning water level fluctuations in Polish lakes are difficult to refer to such a situation [KOWALIK et al. 2008; PTAK et al. 2017; VOLCHAK et al. 2017; WRZESIŃSKI et al. 2018] , because in the case of the analysed lake anthropogenic activities were of key importance [NOWAK 2018; NOWAK, PTAK 2018] , and such measures were not implemented in other cases.
The course of water level fluctuations in Lake Powidzkie confirms the statement on the complexity of the process in reference to the water level dynamics. The observed considerable decrease in water level over the last several decades is a resultant of the combination of the unfavourable climatic-physiographic conditions and inten-sive human activity in the area. The issue of co-occurrence of both factors has been discussed in the literature on the subject many times. BONACCI et al. [2015] describe the case of Lake Dojran on the border of Macedonia and Greece, where a decrease in water level in the years 1988-2002 amounted to 6 m, and the answer to the question about the main cause of the process is difficult. WANG et al. [2016] describe the case of Lake Taihu (China), where water levels were dependent on precipitation, and after 2000 on the direction of water flow from Jangcy to the lake. YIN et al. [2013] describing other lakes in China (Hongze) emphasise that the maximum water level until the 1950's particularly depended on natural factors, and after that period the main role was played by anthropogenic activity (particularly hydrotechnical). YILDIRIM et al. [2011] analysing natural and anthropogenic elements responsible for a decrease in water level in Lakes Akşehir and Eber (Turkey) determined that it was particularly caused by the latter (increase in water use for agricultural and household purposes, construction of dams). ASSANI et al. [2014] analysed water level fluctuations in Lake Ontario in the years 1918-2010, and concluded that changes in the tendency and stationary character of water levels resulted from both climatic (draughts from the 1930's) and anthropogenic factors (construction of a system of canals and dams in the 1950's). A decrease in the water level in Lake Powidzkie as well as other lakes of the Powidzki Landscape Park is a problem that has been attracting interest for many years, both among local community and among scientists. Studies on the subject provide various arguments concerning the role of natural and anthropogenic conditions responsible for the current situation [ILNICKI 2008; STACHOWSKI et al. 2016] . Next to shallowing, a decrease in water level in lakes [CHOIŃSKI et al. 2014] constitutes the key element of their decline.
In the case of the analysed lake, in spite of the complex conditions responsible for a decrease in water level described in the paper, the dominant role of man should be emphasised. This is confirmed by earlier observations by PRZYBYŁEK and NOWAK [2011] . In reference to the eastern and central part of the Gnieźnieńskie Lakeland they determined an important role of climatic factors responsible for water level decrease. In the vicinity of the Ostrowo-Gopło Channel, however, they also identified mining meliorations as the cause of level decrease in lake waters and groundwaters. The meliorations lead to the development of a depression cone on the eastern side of the sequence of lakes. It considerably contributed to the limitation of the possibilities of groundwater alimentation of the lakes. KUNZ et al. [2010] performed the analysis of changes in the surface area of Lake Ostrowskie. They determined that the changes were caused by melioration works, and in the recent period by mining meliorations. As a consequence, the lake was divided into two independent basins. The role of man was described by WRZESIŃSKI and PTAK [2016] based on a different example. Their analysis covered the course of water levels in Lake Powidzkie and Lednica Lake located at a distance of approximately 47 km. According to the division into climatic regions by WOŚ [2010] , both lakes are located in the same region ( Fig. 1) and are subject to the same climatic conditions, but their response regarding water level fluctuations is different. The course of mean annual water levels in the period 1976-2010 suggests that Lake Lednica was characterised by an increasing tendency, and a decrease in water level in Lake Powidzkie was observed at a rate of 0.15 m•decade -1 . In the same paper, water level fluctuations of a total of 32 lakes from the area of lakelands of north Poland were analysed. In none of the analysed cases a decrease in water level was as high as in Lake Powidzkie. Similar conclusions were drawn by KOWALIK et al. [2008] , analysing the response of lakes from the catchment of the Oder River to extreme changes in their alimentation.
CONCLUSIONS
The hydrological situation of Lake Powidzkie is shaped by many factors, and each time it should be considered in such an approach. Several decades of observations show that the multiannual amplitude of water level fluctuations in the lake was 1.2 m, and the water level decreased by an average of 9.2 cmꞏdec -1 . Although their phases can be distinguished over several decades (as a response to climatic fluctuations), the general character of changes in evidently decreasing. It can be considered as the effect of drying of the entire discussed catchment, resulting in the recorded decrease in the level of surface, near-surface waters, or groundwaters, or complete disappearance of streams. The unfavourable climatic situation (in accordance with the presented data, and particularly an increase in air temperature) overlapped with meliorations leading to a situation where even high precipitation is not able to balance the retention capacity of the catchment. Human activity caused a disturbance in the current system of water circulation throughout the region. The need for counteracting the situation is obvious, as confirmed by the weir built on the outflow from Lake Powidzkie. Unfortunately, such point-based actions (unlike large-area and local meliorations) permitted retaining excess water in the lake only in conditions of very high precipitation.
The problem of water level decrease in Lake Powidzkie as well as the entire region is complex in several terms. One of the aspects is the degradation of its high environmental values. Except for the purely environmental aspect, the fact can also result in measurable economic effects related to a reduction of the tourist potential, or possibility of use of water for agricultural purposes. On the other hand, with regard to the economic aspect, the conducted mining activity constitutes and has constituted the main factor of development of the region.
